Background Health-related quality of life (HRQOL) has been reported to be associated with cognitive function; however, whether or not this relationship involves causality is uncertain. This study aimed to determine whether HRQOL levels are associated with subsequent changes in cognitive function in elderly people requiring care. Methods Participants were 74 community-dwelling elderly people utilizing the long-term care service (69 % women) who underwent physical and psychological examinations at baseline and follow-up. The outcome was 2-year changes in Mini-Mental State Examination (DMMSE) score. The potential predictor was HRQOL level assessed by the EuroQol 5 dimension (EQ-5D) score (utility value) at baseline; other variables were body mass index (BMI), Barthel index, grip strength, Geriatric Depression Scale, serum albumin, and serum hemoglobin. Associations between EQ-5D and DMMSE scores were assessed using correlation analysis, regression analysis, and analysis of covariance (ANCOVA). Results Mean age, BMI, and Barthel index at baseline were 81.6 years [standard deviation (SD) 8.2], 21.1 kg/m 2 (SD 4.0), and 79 (SD 20), respectively; the mean DMMSE score was -2.2 (SD 5.1). EQ-5D was significantly correlated with DMMSE (partial r = 0.375, P = 0.0012). The mean DMMSE values of the 1st, 2nd, and 3rd EQ-5D quartiles were -4.2 (adjusted P = 0.0050), -2.6 (adjusted P = 0.0476), and -2.4 (adjusted P = 0.0298), respectively, which were lower than the -0.1 of the reference 4th quartile. Conclusions HRQOL as assessed by EQ-5D is associated with longitudinal cognitive decline in frail elderly people, and cognitive function may be maintained in individuals with high HRQOL levels.
Introduction
The elderly population is rapidly growing in Japan. The proportion of people aged 65 years and older was 26.0 % in 2014, and is projected to be as high as 38.8 % by 2050 [1] . Accordingly, the number of frail elderly people requiring care is also increasing. The long-term care service system was implemented in Japan in 2000; since then, the number of elderly people requiring care has increased steeply from 2.2 to 5.9 million in 2014 [1] .
Cognitive impairment is a common health problem in physically frail elderly people. An important challenge for these individuals is preventing a decrease in their cognitive function. A number of cohort studies have reported that higher levels of frailty predict cognitive decline, and that various frailty-related indicators, such as body mass index (BMI), muscle strength, activities of daily living (ADL), serum albumin concentration, and depression are also predictive of impaired cognitive function [2] [3] [4] .
Health-related quality of life (HRQOL) is an important construct for elderly people, because it describes an individual's overall health status [5] . Some epidemiologic studies have found that HRQOL is associated with cognitive function [5] [6] [7] , but it is not clear whether causality is involved or not. We previously conducted a longitudinal study to determine factors that prevent diminished ADL performance in community-dwelling elderly people utilizing the long-term care service system [8, 9] . The present study used this framework to determine whether HRQOL levels are associated with longitudinal changes in cognitive function in frail elderly people requiring care.
Participants and methods

Study participants
This study targeted all 518 noninstitutionalized elderly persons using the long-term care insurance in [10] at baseline, giving the follow-up study a total of 74 participants [follow-up rate 47.4 % (74/156)].
Informed consent was obtained from all participants and their family members. Baseline and follow-up data were linked with subject-specific anonymous identification numbers, and the linked dataset was created without using any personal information. The study protocol was approved by the Ethics Committee of Niigata University School of Medicine.
Baseline examinations
The baseline examinations were conducted between January and April 2003, and included collection of demographic data and information on ADL levels through interviews, physical and psychological examinations, and collection of a blood sample. All subjects at baseline responded to the interviews. For 112 subjects who were using ambulatory care (day-service), examinations were conducted at each of the respective day-service facilities; for the remaining 44 subjects who were not using a dayservice, we visited the subjects' homes for the examination. Detailed information on the baseline study has been published previously [8] .
Demographic data, including age, sex, and past and current disease histories were obtained from the subjects. ADL levels were evaluated by the Barthel index [11] , with zero points assigned to those requiring the maximum level of assistance and 100 points assigned to those requiring the minimum level of assistance. Cognitive function, the outcome of this study, was assessed using the MMSE [12] . These scores range from zero to 30, with lower scores indicating greater cognitive impairment; an MMSE score less than 24 was defined as cognitive impairment [13] .
Body weight was measured, and body height was estimated as being twice the value of the left arm span [14] , since height in the standing position could not be measured accurately in some subjects. Arm span-estimated height has been reported to highly correlate with body height (r = 0.93) [14] , and thus can be used for calculating body mass index (BMI). The grip strength of each hand was measured once with a digital hand dynamometer (T.K.K.5401 Takei Scientific Instruments Co., Ltd., Niigata, Japan) and the higher value was adopted.
HRQOL was measured using the Japanese version of the EuroQol 5 dimension (EQ-5D) quality of life assessment tool [15] . The EQ-5D measures health status and expresses it in a descriptive profile and an index value [16] . This study used the EQ-5D descriptive system in face-to-face interviews. Interviewees describe their health state by choosing one of three levels (1, ''extreme problems''; 2, ''some problems''; and 3, ''no problem'') for each of five dimensions: mobility, self-care, usual activities, pain/discomfort, and anxiety/depression. From these, we obtained each EQ-5D score (utility values) using a conversion table developed with the Japanese value set [17] . The EQ-5D score ranges from 1 to -0.1110, whereby 1 denotes ''perfectly healthy'', 0 denotes ''dead'', and -0.1110 denotes ''worse than dead/worst health state possible''. Mood was evaluated using the 15-item version of the Geriatric Depression Scale (GDS-15) [18] , in which a high score indicates depression. Psychological assessments including EQ-5D and GDS-15 were performed through interviews by two trained nurses.
Serum albumin and blood hemoglobin concentrations, which have been reported as potential predictors of cognitive decline [4] , were determined by the bromocresol green (BCG) and sodium lauryl sulphate-hemoglobin (SLS-HB) methods, respectively, from a non-fasting blood sample using a clinical biochemistry analyser (BioMajesty 12; Jeol, Tokyo, Japan).
Follow-up examination
MMSE was reassessed between January and April 2005 in the follow-up examination conducted in the same manner as the baseline examination [9] . Two-year changes in MMSE (DMMSE) were considered to be an indicator of longitudinal cognitive decline.
Statistical analyses
Data for continuous variables were tested for normality. Because MMSE and DMMSE scores were skewed toward lower values, they were logarithmically transformed for the statistical tests. EQ-5D level was divided into quartiles. To compare characteristics between participants and non-participants in the follow-up examination, Student's t test and v 2 test were used to test differences in mean values and proportions, respectively. To test associations between baseline characteristics and MMSE profiles, baseline variables and log-transformed MMSE or log-transformed DMMSE scores were assessed using Pearson's correlation coefficients. Further, Pearson's partial correlation coefficients adjusted for age and sex were also calculated. To test linear trends (P for trend) between baseline characteristics and EQ-5D quartiles, simple linear regression analysis was used. To test linear trend (P for trend) between EQ-5D quartiles and log-transformed DMMSE scores, multiple linear regression analysis adjusted for age, sex, baseline log-transformed MMSE, histories of cerebrovascular disease, cardiovascular disease, and diabetes was used. Furthermore, the mean values of DMMSE among EQ-5D quartiles and among levels of each dimension were compared by Dunnett multiple comparison of analysis of covariance (ANCOVA), adjusting for the same covariates as multiple linear regression analysis. To determine associations between EQ-5D quartiles and incidence of cognitive impairment, i.e., the proportion of persons with MMSE \24 at follow-up in participants who were cognitively normal at baseline (MMSE C24) and followed up for 2 years (n = 60), multiple logistic regression analysis was performed, adjusting for the same covariates as multiple linear regression analysis. Finally, correlation between the five dimensional scores of EQ-5D and DMMSE was assessed using Pearson's partial correlation coefficients. Data were analysed using SAS statistical software (release 9.1.3, SAS Institute Inc., Cary, NC, USA). P \ 0.05 was considered statistically significant.
Results
Mean values [standard deviation (SD)] of age, BMI, grip strength, Barthel index, EQ-5D score, GDS-15 score, serum albumin, blood hemoglobin, and MMSE scores were 81.6 years (8. 9) , and 20.0 (6.0) in the other 82 participants (58 women and 24 men), respectively. Statistically significant differences between groups were noted for all variables except for age and GDS-15. Prevalence of cognitive impairment (MMSE \24) was 18.9 % in the 74 participants and 65.9 % in the 82 participants. Prevalence of past or current disease history of cerebrovascular disease, cardiovascular disease, diabetes was 17.6, 14.9, 8.1 % in the 74 participants, and 24.4 %, 15.9 %, and 6.1 % in the 82 participants, respectively, with no statistically significant difference.
Pearson's correlation coefficients between variables at baseline and MMSE scores are shown in Table 1 . Herein, we describe significant findings at baseline and 2-year changes in MMSE (DMMSE) as analyzed using partial correlation coefficients, adjusted for age and sex. At baseline, grip strength (partial r = 0.207, P = 0.0106), Barthel index (partial r = 0.294, P = 0.0002), and serum albumin (partial r = 0.228, P = 0.0046) were significantly correlated with baseline MMSE scores. In the longitudinal analyses, Barthel index (partial r = 0.244, P = 0.0386) and EQ-5D score (partial r = 0.375, P = 0.0012) was significantly correlated with DMMSE, while BMI, grip strength, GDS-15, albumin, and haemoglobin were not.
Demographic, physical, and biochemical characteristics at baseline according to baseline EQ-5D quartiles in 74 participants followed up are displayed in Table 2 . Baseline Barthel index and serum albumin were positively (P \ 0.0001 and P = 0.0171, respectively), and baseline GDS-15 was inversely (P \ 0.0001) associated with EQ-5D. DMMSE according to EQ-5D quartiles at baseline are shown in Fig. 1 . Participants with higher EQ-5D levels had smaller DMMSE (adjusted P for trend = 0.0023). The unadjusted mean DMMSE values were -4.2, -2.6, and -2.4 for the 1st, 2nd, and 3rd quartiles, respectively, showing significant differences (i.e., decreased) from the -0.1 of the 4th quartile reference group. We further explored if EQ-5D quartiles are associated with incidence (24 persons) of cognitive impairment in cognitively normal participants (n = 60). Multiple logistic regression analysis showed that the adjusted odds ratio for one unit increase of EQ-5D quartiles was 0.53 (95 % confidence interval 0.30-0.92; P = 0.0234).
We analysed the correlation between the five dimensional scores of the EQ-5D and DMMSE (Table 1) . When correlation coefficients were adjusted for age and sex, ''pain/discomfort'' had the highest coefficient (partial r = 0.344, P = 0.0031), followed by ''mobility'' (partial r = 0.302, P = 0.0100) and ''self-care'' (partial r = 0.2798, P = 0.0173), but the coefficients for ''usual activities'' or ''anxiety/depression'' were not statistically significant. Regarding ''pain/discomfort'', the mean Environ Health Prev Med (2016) 21:585-590 587 DMMSE of the ''some problems'' group (n = 41) or ''extreme problems'' group (n = 2) was -3.3 (adjusted P = 0.0054), which was significantly different from the -0.3 of the reference ''no problems'' group (n = 36).
Discussion
This study first reported a longitudinal association between EQ-5D levels and subsequent cognitive decline in frail elderly people. This association was maintained across various statistical methods including simple correlation, multiple linear regression analysis, ANCOVA, and multiple logistic regression analysis. Studies have reported a cross-sectional association between HRQOL and cognitive function. Wolfs et al. [6] showed a significant correlation between EQ-5D and MMSE scores in elderly patients with cognitive impairment. Two additional cross-sectional studies reported associations between HRQOL (assessed with scales other than the EQ-5D) and cognitive function in elderly people [5, 7] .
Wolfs et al. [6] also showed a significant correlation between score changes of both EQ-5D and MMSE, but did not analyse the causality between the two variables. To the best of our knowledge, however, no cohort studies have been conducted. The present cohort study is the first to report EQ-5D-assessed HRQOL associated with subsequent cognitive decline in frail elderly people; that is, cognitive function is maintained in individuals with high levels of HRQOL. This finding is supported by our additional finding that those with normal cognition and higher EQ-5D had a lower risk of cognitive impairment, as analysed by multiple logistic regression analysis. We also showed that the ''pain/discomfort'' dimension of the EQ-5D had a higher coefficient correlated with cognitive decline than ADL-related dimensions, such as ''mobility'' and ''self-care''. This finding implies a role for pain and discomfort in deteriorating cognitive function. This hypothesis is partly supported by a recently published paper reporting that elderly people with more severe chronic pain show a decline in cognitive function, e.g., poorer performance on memory tests and executive functioning [19] . Further research is needed to verify this hypothesis.
Generalization of our findings should be made with caution. We studied physically dependent elderly people requiring some care at home, who are considered to be at high risk for cognitive impairment. Therefore, our results can be generalized to frail elderly people in the community; however, they may not be applicable to independent elderly people at relatively low risk for cognitive impairment. This is a limitation of this study.
This study was conducted in [2003] [2004] [2005] . As such, some situations may have differed from those at present. Nationwide number of users of long-term care insurance in 2005 was 4.1 million, while that in 2014 is 5.9 million, or nearly 1.5 times more [1] . This may indicate that characteristics of the users are becoming diversified. In that context, it is interesting to confirm whether the association between HRQOL and cognitive decline in the population at present is similar to that of the present study.
Some other limitations are worth noting in this study. First, our results may have been influenced by selection bias, given the low agreement rate (37.5 %). In addition, the prevalence of cognitive impairment (MMSE \24) in the 82 dropouts (65.9 %) was much higher than that of the 74 non-dropouts (18.9 %), suggesting that our results may reflect frail individuals with better cognition. Second, we adjusted for basic confounding factors such as age and sex, but could not control for many other potential confounders, including environmental and lifestyle factors of the participants. In conclusion, EQ-5D-assessed HRQOL is associated with longitudinal cognitive decline in frail elderly people. Cognitive function may be maintained in individuals with high levels of HRQOL. Further studies will be needed to understand whether intervention for achieving high levels of HRQOL prevent cognitive decline in frail elderly people.
